United States Patent [i9] 

Clark etaL 



[U] Patent Number: 
[45] Date of Patent: 



4,829,526 
May 9, 1989 



[54] DATA TRANSMISSION 

[75] Inventors: . Alan D. Clark; Abdullah Hashim, 
both of Leicester, England . 

[73] Assignee: British Telecommunications Public 
limited Company, United Kingdom 

[21] Appl. No.: 945,097 

[22] Filed: Not. 4, 1986 

[30] Foreign Applicatian Priority Data 

Mar. 4, 1985 [OB]. United Kingdom 8505514 

Mar. 4, 1985 [GB] United Kingdom 8503515 

[51] Int a* G06F IVIO 

[52] U^..a « 37V40; 371/35 

[58] Field of Search 371/35, 37, 39, 4a 

371/41; 358/261 

[56] References Cited 

U.S. PATENT DOCUMENTS 
3,237»170 2/1966 Blasbalg . 

3,506,961 4/1970 Abramson 371/40 

3.657,700 4/1972 Lntzker 371/41 X 

3,748,379 7/1973 Epstefai et aL , 

4,276^646 6/1981 Haggard 371/40 X 

4,580^162 4/1986 Mori 358/261 X 

FOREIGN PATENT DOCUMENTS 

0117287 9/1984 Enropcan Pat. Oft . 
mi575 5/1981 United Kingdom . 

OTHER PUBUCATIONS 

LB.M. Journal of Research and Development, voL 24, 
No. 1, Jan. 1980 New York, (US) A. M. Patel: "Error 
Recovery Scheme for the IBM 3850.Main iStorage Sys- 
tem'*^ pp. 32-42, see p. 33, right-hand column, last para- 
graph-p. 34 left-hand cohmm, line 19, FIG. I. 
Telecom Report, voL 2, No. 6, Dec. 1979, Munich, 
(DE) F.Hlaw a et aL: ''Der Zentrale Zdchenkanal nach 
dem CCITT-System" No. 7, see Figures 2-5. 
Proceedhigs of the Fall Joint Computer Conference, 
Anaheim, CaHf., Dec. .5-7, 1972, AFIPS Press, Mon^ 
vale, N.y., (US) W. T. Wilner; "Burroughs B1700 
Memory Utilization**, pp. .579-586, see p. 581, left-^iand 



column, line 36 right-hand colusm, last line: p. 580, 
Tmie-Base Representation. 

IEEE Transactions on Communications, vol. COM-22, 
No. 6, Jun. 1974, New York, (US) P. D. Shaft: "A 
Source Encoding Algorithm for Quantized Data'*, see 
Table I; p. 867. 

IBM Journal of Research and Development, vol 18, 

No. 2, Mar. 1973; New Yoric, (US) L. R. Bahl et al.: 

"Image Datacompression by Predictive Coding. II: 

Encoding Algorithms", pp. 172-179, seep. 175. 

Patents Abstracts of Japan, vol 6, No. 212, Oct 26, 

1982, pp. 156-151 & JP, A, 57120154 (Kokusai Deshin 

Denwa K.K.) Jul. 27, 1982, see Figures. 

IBM Technical Disckwure Bulletin, voL 24, No. 6, Nov. 

1981, New York, (US) S. Lin et al.: "Preventive Error. 

Control Scheme", pp. 2886-2891. 

IBM Technical E>isdosure BuUetm, vol. 24, No. 5, Oct 

1981, New York, (US) D. T. Tang et aL: "Error Detec- 
tion with Embedded Forward Error Correction", pp. 
2469-2472. 

Patents Abstracts of Japan, vol, 6, No. 162, Aug. 25, 
1982 & UP, A, 5779552 (Casio Keisanki K.K.) May 18, 

1982. see Figures. 

Research Disclosure No. 183, J\il. 1979, Havant, Hants, 
(GB) W. M. Bartolucci et al.: "Snakecode Decoding 
Circuit" see Rgures 1-2. 

IEEE Transactions on Communications, voL COM-30, 
No. 7, JuL 1982, New York, (US) Shu Lin et al.: "A 
Hybrid ARQ Scheme with Purity Re-Transmission for 
Error Control of Satellite Channels", pp. 1701-1719, 
see p. 1702. 

Primary Examiner^Zcrry Smith 
Assistant £jcam//ier— Robert W. BeausoHel 
Attorney, Ageni or Firm — Nixon & Vanderhye 

[57] ABSTRACT 

An adaptive system for binary data compression incor- 
porating a codng scheme which is simple to implement, 
which limits codeword length and which can be imple- 
mented by software. Data compression b achieved by 
assigning four bit codes to the eight most frequendy 
occurring characters in the data and eight or nine bit 
codes to the remaining characters wherein the code 
assignment is made according to a continuously up- 
dated evaluation of character frequency distribution. 
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Run length encoding may be used in coqjuncdon with 
this technique, to achieve further data compression. For 
transmission, error control protocols are applied to .the 
compressed data where such protocols may include the 
use of forward error correcting (FEC) coding and an 
automatic repeat request (ARQ) system. The data may 
be trananitteid using a burst error control system based 



on interleaving so that a single error correcting FEC . 
coding can corrects bursts of errors characteristic of a 
telephone system. 



23 Qatms, 2 Drawing Sheets 



09/10/2003, EAST Version: 1.04.0000 



U.S. Patent May 9, 1989 

Figl : 



Sheet! of 2 4,829^26 



r" 



I 





_8_BITS_ 


RUN 
ENC 


LENGTH. 
ODER 






. . BUFFER ' 



K^O I 





'J BITS 


\ RUN 
DEC 


LENGTH 
ODER 



'12 



VL 

CODER 



58' 



BUFFER 
T" 



CODE 
GENERATOR 



CODE 
GENERATOR 



(S2 



VL 
DECODER 



FRAME 
BUFFER 



I 



CRC 
CODER 



I .1 



CRC ' 
DECODER 



T 



50) 



FRAME 
BUFFER 



I 22 



Tree ENCODER 
AND INTERLEAVER 



1 



deinterueaveI 

AND 
ERROR CORRECT 



OUTPUT h I 
BUFFERS 



46 



I 



0 



INPUT 
BUFFER 



MODEM 



I 



MODEM 



36 



.30J 



TELEPHONE 
NETWORK 



___J 



09/10/2003, EAST Version: 1.04.0000 



lis. Patent May 9, 1989 Sheet2of2 4,829,526 



•24 BITS " 



FORMAT 


SIART 


FRAME 


ERROR 




CHARACTER 


LENGTH 


DETECTION 



FRAME 


CRC 


CHARACTER 


SEQUENCE 


ACKNOWLEDGE- 


DATA 


FORMAT .. 


COUNT 


NUMBER 


MENT 



.19 
DATA 
BUS 



5 

PARITY 
BITS 

I 



d e 



etc 



a1 b1 c1 d1 

02 b2 

q3 b3 

a4 b4 



Qie 

QPl bp1 
ap2 bp2 
QP3 bp3 
QP4 bp4 cp4 
gpS bps cp5 



ill. 



09/10/2003, EAST Version: 1.04.0000 



4,829,526 

1 2 

powerful. With a short frame the interleaving is shal- 
DATA TRANSMISSION low, but the risk of burst error is low. With a long 

frame, the deeper interleaving balances the increased 

This invention relates to the transmission of data in risk of a burst error occurring, 
binary digit form. 5 Further according to the invention, the digits are 

Data bits can be corrupted during transmission by counted and the time intervals between digits are mea- 
noise and spurious signals from a variety of sources. sured, the digits being formed mto a section whenever 
Various error detection and correction schema are either the count reaches the predetermined N max or a 
known, such as forward error control (FEQ techniques predetermined time interval (timeout) is sensed. A time 
which use a code such as Hamming code to correct a 10 delay may occur either when a human operator is key- 
single error. A cyclic redundaiicy check technique is ing-in data and hesitates, or when a computer transmit- 
also known which detects the presence of erron but ting data to another computer is subject to an interrupt; 
does not correct them. Automatic repeat request (ARQ) in either case the-length of the section will be less than 
schemes are also known in which a packer of data is N majL If there is no such time delay, than the length of 
checked for errors and, if any are found, a repeat re- 15 the section will equal N max. 

quest signal is sent to the transmitter which repeats the Usually each frame will include an indication of the 
transmission, until the package is correctly received. values of N for the section within the frame, and an 

A type of error typical of telephone networks, and indication of the frame sequence number to allow the 
exacerbated by modems, is a burst error, in which a data to be reconstituted after transmission, 
string of data bits is corrupted. To correct this type of 20 Frequently the binary digits to be transmitted will be 
error it is known to assemble a group of binary code- binary representations of alphabetic or alphanumeric 
words of fixed length and transmit them in mterleaved characters. Text data in binary code e.g. alphanumeric 
form, i.e.. transmitting the first bits of each codeword, data in ASCII code, has usually a certain amount of 
then the second bits, the third bits, and so on. A burst redundancy and can be compressed for more efficient 
error which affects several consecutive bits during 25 transmission using various known techniques. 
transmisMon then appears, when the code^yord3 are One known method of compressing text containing 
reconstituted at the receiver, as a single bit error within • runs of some length of repeated characters will be re- 
each of a number of codewords; such single errors can ferred to as "run length encoding** and comprises re- 
be corrected by an FEC technique applied to each placing the run with one occurrence of the repeated 
codeword.. 30 character, a control character mdicating that a run is 

None of the methods in current use, however, being encoded, and a number indicating the number of 
achieves an optimum perfonnance. The ARQ ^tem thnes the character is repeated m the text Since in gen- 
obviously corrects all errors eventually, but the penalty eral run length encodmg can be used in conjunction 
in terms of transmission time can be high especially if with other coding methods without interferring with 
the frequency of errors is high and there is a large block 35 such other methods, and since it is in any event simple 
length so that much of the information has to be trans- to implement, it may as well be used since it can on 
mitted more than once even if most of it is correct in the occasion compress text very substantially. 
^ Other methods of text compression are based on the 

Forward error correcting codes are really practicable fact that certain characters occur in text more fre- 
only for correcting isolated errors, and even so their use 40 quently than others. If the more frequently occurring 
involves a penalty— in common with a cyclic redun- characters are assigned shorter codes than the less fre- 
dancy check methods^in requiring more data to be quently occurring characters, compression can be 
transmitted than is present in the source data. achieved provided the text is typical, that is to say con- 

The present invention provides an improved error forms to the standard text used to set the codes accord- 
control arrangement for transmitting binary data and 45 ing to the character frequency distribution. Such tcch- 
especially for doing so over the telephone network. niques are known as variable length (VL) coding. Huff- 

Accordmg to the inventipn a method of transmitting man coding is typical and involves assigning symbols of 
binary digits^ characterised in that it comprises: increasing length to hicreasLngly infrequently occurring 

formiiig the binary digits into sections of length N . characters, so that the character which is most likely to 
bits, where N has a predetermined maximum value N 50 occur would receive the code"0". say, and the next 
«^ . . most frequent the code "10". the next "110" and so on. 

forming the sections into variable length frames by There arc a number of problems associated with such 
addfaig to each section of N bits a set of binary digits coding schemes. One is that the most infrequently oc- 
which comprise a cyclic redundancy check for detect- curring characters can have quite long codewords, as 
ing errors within that section; 55 the probability is estimated on the basis of historic data 

subdividing each variable length frame into code- and is hence unreliable, so that the coding can become 
words of fixed length; quite inefGdent and even result in extension rather than 

to each codeword adding a fixed number of check compression of the text if characters with long code- 
bits which allow correction of a known number of er- words occur more frequently than in the sample on 
rors within that codeword; 60 which the probability distribution was based. Another 

interleaving the codewords and their associated problem is that code generation and decoding are quite 
check bits, , the interleaving depth being dependent on complex. 

^* Various proposals have been made for alleviating 

and transmitting the interleaved bits. problems associated witii VL coding, among which 

It is an advantage of the use of a variable length frame 65 may be mentioned modified Huffman-type coding so as 
determined by the number of bits N in each section and to constrain codewords to a maximum length, using 
consequent variable depth of interleavmg,. that as N- Huf&nan short codes only for the most frequently oc- 
mcreases, the inherent error correction becomes more curring characters, and usmg fixed structure code in 
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which codeword lengths are predefined, but characters neTAILED DESCRTPTTON OF prfspntt y 

Adaptive coding has also been proposed as a means of The data to be encoded and transmitted is assumed to 
overcoming the problem of the divergence of actual ' ^ eight bit, ASCII code applied to alphanumeric char- 
text from the historical code basis. In such schemes the acters, which has start and stop bits and a parity bit 
coding is modified according to the characteristics of Seven bit codes would be treated similarly, however, 
the source. Although good compression can be T^^ asynchronous character format is 
achieved implementation has so far proved very difS- 
cult, requiring extensive memory, for example, or re- 
quiring transmission of the updated code. 

The present invention further provides an adaptive 
coding scheme which does not suffer from these disad* 

vantages, which is simple to implement, which limits coding operation according to the invention 

codeword length and which can be implemented by operates after the stripping of the start, stop and parity 

software. so that for example an eight bit and parity code: 

Further according to the invoition, a method of OlOOllOIlOl 
transmitting binary digits in which the digits represent becomes 1001 101 1 
alphanumeric characters further comprises an initial 20 - The apparatus iUiati^ed takes the dght 
encoding step of assignmg a different 44)it code to each f* rtsmpixL The eight bit sequence is supplied to a run 
of the 8 most frequently occurring alphanumeric char- '^"f^J^^ ' /^?^^^ characters are 
acters and assi^ng a different at l^t S-bit code to 'ff'^y repre^ntation, i.e. reputed char- 
each of the re^n^g characters, the first bit of each J^rj^^hT^h^t fi^^ '^^'f f/ "^h" 
A u-^ -I u • -J ? t jv- J- AT *!. OS ^^o*w^ich the first is the character Itself, the second 
4.bit code being idenucal and bmg diff^^^^^ from the 25 ^ ^^^^^ ^^^^ (designated here RC) indicating a 
first bit of each at least 5-bit c<^e wh^by the number nxn. and the third is the nimber of occurrences of 5ie 
of bmary digits to be transmitted is reduced character m the run. Thus "aaaa" would be encoded as 

Preferably the frequency of occurrence of the alpha- Rc 4-. A run of three repeated characters may be 
numenc characters is contmuously evaluated, and the encoded or left as it is-there is no saving to be made 
assignment of the 4-bit code is intermittently updated, either way. A run of two is obviously best left alone, 
conveniently at the end of a variable length frame. This To permit the control character to appear in the 
allows text which does not conform to an expected source without automatically triggering a spurious de- 
character distribution eg. common English language coding operation, it is conventional to arrange that the 
text, to be transmitted with high efticiracy. 35 mfl»imiim repeat count is one less than the numeric 

The aforesaid initial encoding step may be preceded value of the ASCII code for the control character, 

by a prior run length encoding operation. The run Then an occurrence of the control character in the 

length encoding may be such as to replace long sequen- source can be replaced by two control characters. A 

ces of a repeated character by a shorter sequence con- sequence longer than the numeric value of the control 

taining one occurrence of the character, a control char- 40 character can be replaced by shorter sequences, 

acter and a number indicating the original sequence Thus the input data 

length. The maximum repeat count may be set to be one a,b, cc, d,d,d,e,e, e,e,f (260 times), g, h, Rc, k 

less than the numeric (ASCII) value of the control char- would be encoded as 

acter, the remainder of longer sequences being encoded a, b, c, c, d, Rc, 3, e, Rc, 4, f, Rc, 254, f, Rc, 6, g, h, 

as a new sequence, and an occurrence of the control 45 ^ 

character in the text being aicoded as that character con^iressing 275 characters down to 21. 

repeated once ^ course the above example is imtypical, and run 

Further according to the invention, a method of encoding would not ordinarily be expected to 

transmitting data between two active termimils com- f^ieve such compr^on. Nevertheless, it is so power- 

prises encoding the data for transmission in accordance ^ ^ ' J?^,^^^^. " myolves substantuiUy no 

witii the method of the invention at a transmitting ter- disadvantages that it is m general beneficial to use it 

mmal, and decoding it at a receiving termmaUhe re- After the apphcaUon of the nrn length en^ 

„ *u ^1 "'B/""^'^ rc- compressed data are supplied to a buffer U which 

'S™^- ^^^^ "T?! ''""P' r''''^' '0 a variable iLgth coder 16. The coder 

mg to the mvention in reverse order to their apphcauon ^^^^^ ^ comiection wkh a code generator 18. 

by the transmittmg termmal. ^h^ ^^^^^^ ^^^^^ ^^^^ arranged to assign to 

BRIEF DESCRIPTION OF THE DRAWINGS ^S^t most frequently occurring characters an 4-bit 

A *v J f J ^ r V code, the first bit always being zero. The eight codes are 

A method of and apparatus for compressmg and therefore 0000, 0001, 0010, 0011.0100. 0100, 0101, 0110 

transmitting data accordmg to the mvention wUl now ^ and 0111. The remaining characters of the text are all 

be described, by way of example, with reference to the assigned nine bit codes of which the first character is 

accompanying drawings, in which: always 1, so tiiat the codes are 100000000, lOOOOOOOl, . 

FIG. 1 13 a diagrammatic representation of a co- . . illUllU. thus a nine bit codeword consists of the 

ding/decoding apparatus. eight bit character code preceded by a 1. 

FIG. 2 is a header format, 53 To begin the coding, an assumption is made as to the 

FIG. 3 is a frame format, and frequency distribution of the characters in the text e.g. 

FIG. 4 is a transmission scheme diagram illustrating that it is Englbh language. This initial coding is applied 

the interieaving technique. to a first section of text, but during the encoding opcra- 
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tion a new table of character frequencies is generated by 
the update coder 18 and supplied to the variable length 
coder l<^,.the next section of text is encoded by coder 16 
using this new frequency distribution, with the 4-bit 
codewords assigned to the eight characters which actu- 
ally appear most frequently in the immediately preced- 
ing section of text. 

Suppose by way. of example the initial assumption of 
the distribution of character frequencies assigned four 
bit codewords to: 

spacc» E, c» 0 (zero), 1, t. T, carriage return. . 

Suppose also that the first section of text to be en- 
coded is -The English Language contains considerable 
redundancy", supplied in the form of 7 bit ASCII char- 
acters. 

The characters have these frequencies: 
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The text section would have codewords assigned as 


follows: 
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After this section has been encoded the new fre- 


quency table would be used to assign codewords as 


follows: 








spsce 




0001 


1 11101100 


E 




tioooioi 


Q 0000 


T 




11010100 


0 11101111 


a 




0010 


r in 10010 


b- 




11100010 


B iniooii 


c 




0100 


t 11110100 


d 




0101 


u 11110101 


e 




0011 


y UlllOOl 


8 




0110 




h 

1 




11101000 
0111 





20 



2S 



35 



40 



so 



55 



reverse channel. The frame format is illustrated in FIG. 
3. 

Thus the length of each frame is variable, being de- 
pendent on the length of the section of data from which 
it is formed. 

The next step in the encoding process is to divide 
each fr^e into a number of codewords of fixed length, 
for example 19 bits, and add to each codeword a 5-bit 
parity word, forming a 24, 19 Hamming code by which 
one error in. the 19 data bits can be corrected. This 
operation is carried out by an FEC encoder and inter- 
l^ver 22 connected to the frame buffer 20. The inter- 
leaving process applied to the codewords and their 
associated error correction codes is illustrated in FIG. 4 
which shows the codewords a,b,c,d etc each consisting 
of 19 data bits ai, to ai?, bi, to bi9 etc, and each having 
associated five parity bits, apt, to aps; bpi to bps etc. The 
codewords and parity bits are read out in the direction 
illustrated by the arrows 2t 23 etc, i.e. the first bit of 
each codeword in a frame, ai, bi, ci etc is read out 
(arrow 21) then the second bit of each codeword so that 
the codewords are interleaved. The depth of interleav- 
ing depends on the number of codewords which is de- 
termined by the value of N, and is therefore variable. 

A header, illustrated in FIG. 2, contains the number 
of codewords in the transmitted frame (equivalent to 
the interleaving factor), which is needed to correctly 
decode the frame. The header, which contains a sepa- 
rate error detection code, is transmitted before the 
frame to which is corresponds. 

The interleaved data is supplied by. the encoder and 
interieaver 22 to a series of output buffers 24 which 
store the data temporarily and which are connected to 
a modem 26 which transmits the data through a tele- 
phone network. All of the apparatus described above 
constitutes an encoder and transmitter 30. 

The encoder and transmitter 30 is connected, through 
a telephonic network 32 indicated schematically, to a 
receiver and decoder 40, which decodes the received 
data by the application of error correction teclmiques 
and decoding steps which are the reverse of those ap- 
plied in the encoder and transmitter 30. 

Thus the receiver and decoder 40 contains a modem 
which supplies data to an input buffer 46 connected to 
an error, corrector 48 which reverses the interleaving 
process and produces for each codeword a 5-bit number 
which can, by a known technique, indicate the presence 
of and correct a single error within the 19-bit code- 
word. 

The interleaved codewords are transmitted as: 

"It ^I. CI, . . . ffii ^* CI . . . qp5, bn. 
X ,X X 

Suppose XXX indicates an error burst, then when 
the message is deinterleaved at the receiver using the 
information contained in the header, it. appears as 



The variable length coder 16 supplies data to a frame 
buffer 20 which has a maximum storage capacity N 60 
max, and to a GRC coder 14. When it is decided to stop 
filling the frame buffer because it is full or a timeout has 
occurred, the section of data stored in it, of length N 
bits, is formed into a frame, by addition to the section of 
a header consisting of a 16 bit cyclic redundancy check 65 
code (received from coder 14), an indication of the 
value N, a sequence number assodated with that frame, 
and an acknowledgement number associated with a. 



(flu fl^ aj, . . . flpi, . . . api) 



X 



(ci. C2, C3. . . . 
X 

The error bits indicated by X now appearing as single 
errors in the 24 bit codewords that, can be corrected . 
automatically by the five parity bits. 

The error corrector 48 passes the corrected data to a 
frame bufTer 50 which combines the 19-bit' corrected 
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codewords into a frame, the length of each frame being 
indicated within its header. The frames are supplied to 
a variable length decoder 52 which passes the recov. 
ered text from the frame to a buffer 58, and also to a 
code generator 54 and a cyclic redundancy check coder 
56. 

As has previously been described, the code generator 
18 in encoder and transmitter 30 reallocates 4-bit codes 
to alphanumeric characters intermittently, but only at 
the end of a frame, when the VL code IjS requests an 
updated code from the code generator 18. The code 
generator 54 in receiver 40 operates identically, so that 
the code applied by variable length coder 52 to decode 
each frame will be the same as the code used to encode 
that frame; the code will be changed only after a full 
frame has been processed. 

The decompressed alphanumeric characters from the 
variable length decoder 52, are sent to a buffer 58 for 
temporary storage prior to run length decoding and 
output The output sequence of characters is thus identi- 
cal to the original sequence input to coder 10. 

The apparatus described contains an automatic repeat 
request facility, which operates through the frame 



8 
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20 



forming the binary digits into sections of length N 
bits, where N has a predetermined maximum value 
NMax; 

forming the sections into variable length frames by 
adding to each section of N bits a set of binary 
digits which comprise a cyclic redundancy check 
for detecting errors within that section; 

subdividing each variable length frame into code- 
words of fixed length; 

to each codeword adding a fixed number of check 
bits which allow correction of a known number of 
errors within that codeword; 4 

interleaving the codewords and their associated 
check bits, the interleaving depth being dependent 
onN; 

and transiting the interleaved bits. 

Z A method of coding and transmitting binary digits 
according to claim 1 in which the digits are counted and 
the time intervals between the digits are sensed, the 
digits being formed into a section whenever either the 
count N reaches N max or a predetermined time inter- 
val is sensed. 

3. A method of coding and transmitting binary digits 



structure described abova If the cyclic redundancy 23 according to claim 1 or claim 2 further comprising 
check decoder 56 detects the presence of errors within ' ' 

the received frame the frame contents are discarded, 
otherwise the frame contents are passed to the variable 
length decoder 52 and the received frame sequence 
number and acknowledgement number retained. The 30 
received frame sequence number is returned to the re- 
mote transmitter 30 by being placed in the acknowl- 
edgement field of the next frame sent in the reverse 
direction. The received acknowledgement is assumed to 



adding to each frame an indication of the value of N for 
the section within the firame. 

4w A method of coding and transmitting binary digits 
according to claim 3 further comprising adding to each 
frame an indication of the frame sequence number. 

5. A . method of coding and transmitting binary digits 
according to claim 1 in which the binary digits repre- 
sent alphanumeric characters characterised by fiinher 
comprising an itiitial encoding step of assigning a differ- 



indicate correct reception of frames sent in the reverse 35 ent 4-bit code to each of the 8 most frequently occurring 

rllrorvfi/^n anri nii mti m ■■ il ia>Al.<.J£_. ^t^^ — 1~t>^ *— ^1 ^ i * • j*m> 



direction and numbered up to and . including the re- 
ceived value, and these frames removed from the trans- 
mitter output buffers 24. If no acknowledgement is 
returned within some predetermined time, the frames 



alphanumeric characters and assigning a different at 
least 5-bit code to each of the remaining characters, the 
Hrst bit of each 4-bit code being identical and being 
different from the first bit of each at least 5-bit code 



stored in the output buffers arc retransmitted in an order 40 whereby the number of binary digits to be transmitted is 



50 



corresponding to the sequence number contained 
within the frame. 

The use of automatic repeat request and a frame 
length dependent interleaved forward error correcting 
code allows the use of longer frames than would nor- 
mally be regarded as optimal. This reduces the loss in 
efficiency which can occur on simple automatic repeat 
request systems, as firstly, fewer frames need retrans- 
mitting, and secondly, the ratio of header to data field is 
improved. 

usually the variable length coder 16 will contain a 
facility for testing whether the application of the vari- 
able length code will in fact compress the data to be 
transmitted, in which case the code is applied, or 
whether no effective compression will be achieved, 
when application of the variable Length coding feature 
is withheld. 

The scheme may be implemented in software for an 
eight bit microprocessor. The system can maintpin con- 
tinuous transmission at 1200-2400 bits per second. The 
transmitter and receiver operate concurrently and sub- 
stantially independently, the only reverse transmission 
being the frame acknowledgement or negative ac- 
knowledgement 

We claim: 

1. A method of coding and transmitting a series of 
bmary digits, characterised in that it comprises: 



60 
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reduced. 

6. A method as in claim 1 wherein said Interleaving 
step includes: 

(a) providing a bit sequence of a certain length con- 
sisting of the first bit of each of said codewords, 

(b) providing a bit sequence of said certain length 
consisting of the next bit of each of said codewords, 

(c) repeating said providing step (b) until the last bit 
of each of said codewords has been provided in a 
bit sequence of said certain length, 

(d) providmg a bit sequence of said cenam length 
consisting of the first of said check bits associated 
with each of said codewords, ' 

(c) providing a bit sequence of said certain length 

consisting of the next of said check bits associated 

with each of said codewords, and 
(0 repeating said providing step (e) until the last of 

each of said check bits has been provided in a bit 

sequence of said certain length, 
wherein said certain length is variable and depends 

upon said length N. 

7. A method as in claim 6 wherein said subdividing 
step comprises subdividing each variable length frame 
into more than two codewords of said fixed length. 

8. A method of coding, transmitting, receiving and 
decoding binary digits characterised in that it com- 
prises: 
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forming the binary digits into sections of length N 
bits, where N has a predetermined maximum value 
N max: 

forming the sections into variable length frames by 
adding to each section of N bits a set of binary 5 
dij^ts which comprise a cyclic redundancy check 
for detecting errors within that section; 

subdividing each variable length frame into code- 
words of fixed length; . 

to each codeword adding a fixed number, of check 10 
bits which allow correction of a known number of . 
errors within that codeword; 

interleaving the codewords and their associated 
check bits, the interleaving depth being dependent 
onN; 15 

transmitting the interleaved bits; 

receiving the transmitted interleaved bits; 

deinterieaying the received bits; 

applying l^e fixed number of check bits to correct a 
known number of errors within the associated 20 
codeword; 

forming the error-corrected codewords into a vari- 
. able length frame; 

applying the cyclic redundancy check digits to detect 
an error in the data bits section within the frame; IS 
and 

forming the corrected data bit sections into a series of 
binary digits. 

9. A method of coding, transmitting, receiving and 
decoding binary digits according to claim 8 in which 30 
the binary digits represent alphanumeric characters in 
which: 

before transmission there is applied an initial encod- 
ing step of assignkg a different 4-bit code to each 
of the 8 most frequently occurring alphanumeric 35 
characters and assigning a different at least 5-bit 
code to each of the remaining characters, the first 
bit of each 4-bit . code being identical and being 
different from the first bit of each at least 5-bit code 
whereby the number of binary digits to be transmit- 40 
ted is reduced; and . 

after receipt there is applied an equivalent decoding 
step. 

10. A method of coding, transmitting, receiving and 
decoding binary digits according to claim 9 further 43 
comprising continuously evaluating the frequency of. 
occurrence of the alphanumeric characters, and inter- 
mittently altering the assignment of the 4-bit and at least 
5- bit codes, said alteration being arranged so that the 
same assignment of codes is applied to encode and to 50 
decode the binary digits. 

11. Apparatus for transmitting a series of baiiary dig- 
its, characterised in that it comprises: 

frame buffer means (20) for forming the binary digits 
into sections of length N bits, Where N has a predc- 55 
termined mnrimnm value N max; 

CRC coder means (14) for supplying sets of binary 
digits which comprise a cyclic redundancy check 
which is added to the sections of length N bits 
contamed within frame buffer (20); 60 

encoding and interleaving means (22) for subdividing, 
each variable length frame into codewords of fixed 
lengthy for adding to each codeword a fixed num- 
ber of check bits, and for interleaving the code- 
words and their associated check bits, the inter- 65 
leaving depth being dependent on N; and 

transmission means (24,2^ for transmitting the inter- 
leaved bits. 



. 12. Apparatus according to claim 14 further compris- 
ing initial encoding means (14,16) for applying to binary 
digits which represent alphanumeric characters an ini- 
tial encoding step of assigning a different 4-bit code to. 
each of the 8 most frequently occurring alphanumeric 
characters and assigning a different at least 5-bit code to 
each of the remaining characters, the first bit of each 
4-bit code being identical and being different from the 
first bit of each at least 5-bit code whereby the number 
of binary digits to be transmitted is reduced. 

13. Apparatus for receiving and decoding a series of 
binary digits comprising: 

receiving means (36,46) for receiving interleaved 
codewords of fixed length within a variable length 
frame; 

deintcrlcaving and error correction means (48) for 
deinterleaving the received codewords based on an 
mterleave depth dependent on a frame length N 
and applying a fixed number of check bits to cor- 
rect a known number of errors within a codeword; 
frame buffer means (50) for forming the error-cor- 
rected codewords into a frame of said length N; 
CRC decoder means (56) for applying a cyclic redun- 
dancy check to the received frame and for detect- 
ing the presence of uncorrected errors; 
variable length decoder means (52) for decoding said 

received frame into data bit sections; 
buffer means (58) for temporary storage of the data 
bit sections; 

and run lengdi decoding means (60) for further de- . 
coding said data bit sections. 

14. A method of coding and transmitting a series of 
binary digits representing alphanumeric characters 
comprising: 

assigning a different 4-bit code to each of the eight 
most frequently occurring alphanumeric charac- 
ter^ 

assigning a different at least 5-bit code to each of the 
remaining characters not included in the eight most 
frequently used characters, the first bit of each of 
said 4-bit codes being different from the first bit of 
any of said 5-bit codes; 
initially encoding said series of binary digits in accor- 
dance with said assignments to provide a second 
series of binary digits which is of reduced length; . 
forming said second series of binary digits into , sec- 
tions of length N bits where N has a predetermined 
maximum value N miax; 
forming the sections into variable length frames by 
adding to each secdon of N bits a set of binary 
digits which comprise a cyclic redundancy check 
for detecting errors within that section; 
subdividing each variable length frame into code- 
words of fixed length; 
to each codeword adding a fixed number of check 
bits which allow correction of a known number of. 
errors withiri that codeword; 
interleaving the codewords and their associated 
check bits, the interleaving depth being dependent 
on N; and 
transmitting the interleaved bits. 

15. A method of coding and transmitting binary digits 
according to claim 14 further comprising continuously 
evaluating the frequency of occurrence of the alphanu- 
meric characters, and intermittently altering the assign- 
ment of the 4-bit and at least 5-bit codes. 

16. A method of coding and transmitting binary digits 
according to claim 15 in which the intermittent alter- 
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ation of the assignment of the 4-bit and at least 5-bit 
codes occurs after the transmission of all interleaved 
codewords within a variable length frame. 

17. A method of coding and transmitting binary digits 
according to claim 16 in which the binary digits to be ' 
transmitted are eight-bit ASCII code, and the at least 
5-bit code is 9-bit code. 

18. A method of coding and transmitting binary digits 
according to claim 16 in which the binary digits to be 
transmitted are seven-bit ASCII code and the at least 
5-bit code is 8-bit codes. 

19. A method of coding and transmitting binary digits 
according to claim 14 in which the initial encoding step 

is preceded by the application tathe alphanmneric char- 15 
acters to be transmitted of a prior run length encoding 
step, by which a run of a repeated character is replaced 
by a shorter sequence comprising one occurrence of 
said character, a control character indicating a run, and ^ 
an mdication of the length of the run. 

20. A method of coding and transmitting binary digits 
according to claim 14 wherein said forming step com- 
prises counting the digits and sensing the time intervals 
between the digits, said forming step forming the digits 25 
into a section whenever either the count N reaches N 
max or a predetermined time interval is sensed. 



2L A method of coding and transmitting binary digits 
according to claim 20 further comprising adding to 
each frame an indication of the value of N for the sec- 
tion within the frame. 

22. A method of coding and transmitting binary digits 
according to claim 21 further comprising adding to 
each frame an indication of the frame sequence number. 

23. Apparatus for receiving and decodmg a series of 
binary digits comprising: 

receiving means (36,4Q for receiving interleaved 
codewords; 

ddnterleaving and error correctbn means (48) for 
deinterleaving the received codewords and apply- 
ing a fixed number of check bits to correct a known 
number of errors within a codeword; 

frame buffer means (50) for forming the error-cor: 
reeled codewords into a frame of length N; 

CRC decoder means (56) for applying a cyclic redun- 
dancy check to the received frame and for detect- 
ing the presence of uncorrected errors; 

variable length decoder means (52) for decoding said 
received frame into data bit sections; 

buffer means (58) for temporary storage of the data 
bit sections; 

and run length decoding means (60) for further de- 
coding said data bit sections. 

« • * « * 
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